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(57) ABSTRACT 

The ultra-thin rear projection display device described 
herein includes a Wide angle lens system and one or more 
planar mirrors that are parallel to a screen on Which an image 
is to be displayed. In one embodiment, the screen that has 
multiple groove angles to provide better illumination than 
screens With a single groove angle. 
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REAR PROJECTION DISPLAY 

RELATED APPLICATIONS 

[0001] The present US. Patent application is related to 
US. patent application Ser. No. (Atty. Docket No. 
P018), entitled “WIDE ANGLE LENS SYSTEM WITH 
INTERMEDIATE IMAGE” ?led Aug. 16, 2002. 

FIELD 

[0002] The invention relates to display devices. More 
speci?cally, the invention relates to a thin rear projection 
display device. 

BACKGROUND 

[0003] In order to provide a television With a screen siZe 
greater than approximately 40 inches a display device other 
than a direct vieW cathode ray tube (CRT) is typically used. 
As the screen siZe of a CRT increases, so too does the depth. 
It is generally accepted that for screen siZes greater than 40 
inches direct vieW CRTs are no longer practical. TWo alter 
natives exist for large screen (>40 inch screen siZe) displays: 
projection displays and plasma displays. 

[0004] Current plasma displays are much more expensive 
than projection displays. Plasma displays are generally thin 
enough to mount on a Wall, but can be heavy enough that 
mounting can be dif?cult. For example, current 42 inch 
plasma displays can Weigh 80 pounds or more and 60 inch 
plasma displays can Weigh 150 pounds or more. One advan 
tage of plasma displays over current projection displays is 
that plasma displays are typically much thinner than current 
projection displays having the same screen siZe. 

[0005] Projection displays, speci?cally rear projection dis 
plays, are typically more cost-effective then plasma displays. 
Projection displays may also consume too much space in a 
room to provide a practical solution for large screen needs. 
For example, typical 60 inch rear projection displays are 24 
inches thick and can Weigh 200 to 300 pounds. 

[0006] FIG. 1 illustrates a prior art rear projection display 
device. In general, display device 100 includes optical 
engine 140, projection lens 130, back plate mirror 120 and 
screen 110. Optical engine 140 generates an image to be 
projected on screen 110, projection lens 130 projects the 
image from optical engine 140 on to back plate mirror 120, 
Which re?ects the image to screen 110. The siZe of display 
device 100 is proportional to the siZe of the image to be 
displayed on screen 110. Thus, for large screen siZes (e.g., 
>60 inches), the overall siZe of display device 100 can be 
very large. 

[0007] Thin rear projection display devices have been 
developed that are less than 12 inches thick. HoWever, these 
thinner rear projection display devices typically rely on an 
aspherical mirror, Which is dif?cult to manufacture and 
dif?cult to align. The dif?culties associated With the aspheri 
cal mirror results in current thin rear projection displays 
being expensive, Which restricts the availability of rear 
projection displays in desirable packages. 

[0008] FIG. 2 illustrates a prior art thin rear projection 
display device With an aspherical mirror. An image from 
optical engine 260 is projected on re?ective mirror 240 by 
projection lens 250. Re?ective mirror 240 re?ects the image 
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to aspherical mirror 230, Which magni?es the projected 
image and extends the ?eld ray angle. Aspherical mirror 230 
re?ects the image to back plate mirror 220, Which then 
re?ects the image to screen 210. While rear projection 
display device 200 provides a thinner package for the same 
siZe screen as compared to display device 100 of FIG. 1, the 
manufacturing and alignment issues associated With use of 
aspherical mirror 230 greatly increases the cost of display 
device 200. 

[0009] Another shortcoming of display device 200 is the 
angle of optical engine 260 With respect to mirrors 220, 230 
and 240 and to screen 210. Without compensation, the angle 
of optical engine 260 results in a trapeZoidal, or keystone, 
shaped image. The compensation associated With the angle 
to provide a square image further increases the cost and 
complexity of display device 200. 

SUMMARY 

[0010] A display device includes a screen, a Wide angle 
lens system that projects an image using a portion of a lens 
?eld of the Wide angle lens system, and a substantially 
planar back plate mirror to re?ect the image to the screen. 
The back plate mirror is substantially perpendicular to the 
optic axis of the Wide angle lens system and substantially 
parallel to the screen. In one embodiment, the display device 
also includes a substantially planar intermediate mirror that 
re?ects the image projected by the Wide angle lens system to 
the back plate mirror. The intermediate mirror being parallel 
to the back plate mirror. In one embodiment, the screen has 
a ?rst region and a second region, the ?rst region having a 
?rst groove angle and the second region having a second 
groove angle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention is illustrated by Way of example, and 
not by Way of limitation, in the ?gures of the accompanying 
draWings in Which like reference numerals refer to similar 
elements. 

[0012] FIG. 1 illustrates a prior art rear projection display 
device. 

[0013] FIG. 2 illustrates a prior art thin rear projection 
display device With an aspherical mirror. 

[0014] FIG. 3 illustrates one embodiment of an ultra-thin 
rear projection display device With planar mirrors parallel to 
a screen. 

[0015] FIG. 4 illustrates a Fresnel lens With outlines of 
sections to be used for rear projection screens. 

[0016] FIG. 5 illustrates a cross-sectional pro?le vieW of 
a Fresnel lens having a groove angle of 39°. 

[0017] FIG. 6a illustrates a front vieW of a Fresnel lens 
having tWo Zones each having a different groove angle. 

[0018] FIG. 6b illustrates a cross-sectional pro?le vieW of 
a tWo-Zone Fresnel lens having a ?rst Zone With a groove 
angle of 35° and a second Zone having a groove angle of 41°. 

[0019] FIG. 7 illustrates an input ray having a 60° input 
angle With a Fresnel lens having a face angle of 10°. 

[0020] FIG. 8 illustrates a pro?le cross section vieW of a 
Fresnel lens design having tWo Zones With different groove 
angles and transition regions for the Zones. 
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[0021] FIG. 9 illustrates a pro?le cross section vieW of a 
Fresnel lens design. 

[0022] FIG. 10 illustrates one embodiment of a Fresnel 
lens having tWo Zones on opposite sides of the lens With a 
transition region for the tWo Zones. 

[0023] FIG. 11 illustrates one embodiment of a rear pro 
jection display device having a Wide angle lens. 

DETAILED DESCRIPTION 

[0024] An ultra-thin rear projection display system is 
described. In the folloWing description, for purposes of 
explanation, numerous speci?c details are set forth in order 
to provide a thorough understanding of the invention. It Will 
be apparent, hoWever, to one skilled in the art that the 
invention can be practiced Without these speci?c details. In 
other instances, structures and devices are shoWn in block 
diagram form in order to avoid obscuring the invention. 

[0025] The ultra-thin rear projection display device 
described herein includes a Wide angle lens system and one 
or more planar mirrors that are parallel to a screen on Which 

an image is to be displayed. In one embodiment, the screen 
that has multiple groove angles to provide better illumina 
tion than screens With a single groove angle. 

[0026] As described in greater detail beloW, the screen can 
be a Fresnel lens having one or more groove angles. HoW 
ever, many other objects can operate as a screen for purposes 
of displaying an image. In general, any object that diffuses 
light can be used as a screen. For eXample, a Wall, Water or 
fog can be used as a screen. 

[0027] FIG. 3 illustrates one embodiment of an ultra-thin 
rear projection display device With planar mirrors parallel to 
a screen. As described in greater detail beloW, use of planar 
mirrors parallel to the screen as Well as a Wide angle 
projection lens having an optic aXis that is perpendicular to 
the mirrors and the screen alloWs the ultra-thin rear projec 
tion display device to be thinner and simpler than prior art 
rear projection display devices. For eXample, an ultra-thin 
rear projection display device as described herein that is less 
than 7 inches thick can provide a 60 inch image. 

[0028] In one embodiment, ultra-thin rear projection dis 
play device 300 includes screen 310, back plate mirror 320, 
intermediate mirror 330, lens system 340 and digital micro 
mirror device (DMD) 350. Other components, for eXample, 
image generating components are not illustrated for reasons 
of simplicity of description. An image can be provided to 
DMD 350 in any manner knoWn in the art. DMD 350 
selectively re?ects light from a light source (not shoWn in 
FIG. 3) to lens system 340. Any type of display device 
knoWn in the art can be used in display device 300. Other 
types of devices (e.g., microelectromechanical systems 
(MEMS), grating light valve (GLV), liquid crystal display 
(LCD), liquid crystal on silicon (LCOS)) can be used to 
provide an image to lens system 340. In one embodiment, 
the mirrors are substantially parallel to the screen, Which 
implies an alignment error of +/—10°. In one embodiment, 
the optic aXis of the Wide angle lens system is substantially 
perpendicular to the screen, Which also implies an alignment 
error of +/—10° 

[0029] In one embodiment, DMD 350 is offset from the 
optic aXis of lens system 340 such that only a portion (e.g., 
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50%, 60%, 40%) of the available lens ?eld is used. By 
offsetting DMD 350 With respect to the optic aXis of lens 
system 340, the image from DMD 350 is projected by lens 
system 340 in the upper portion of the lens ?eld to inter 
mediate mirror 330. Alternatively, a loWer portion of the lens 
?eld can be used to project an image to intermediate mirror 
330. In such an embodiment, lens system 340 Would be 
above intermediate mirror 330, Which Would be above back 
plate mirror 320. 

[0030] In order to project an image as described, lens 
system 340 is a very Wide angle lens system. In one 
embodiment, lens system 340 has a ?eld angle of 152° or 
more; hoWever, other lenses can be used. In general, the 
Wider the angle of lens system 340, the thinner display 
device 300 can be made. Description of a suitable Wide 
angle lens system is described in the above-referenced 
patent application, Which is incorporated by reference. 

[0031] Intermediate mirror 330 re?ects the image to back 
plate mirror 320, Which re?ects the image to screen 310. In 
one embodiment, screen 310 is a Fresnel lens. Back plate 
mirror 320 is also a planar mirror and is parallel to screen 
310 and perpendicular to the optic aXis of lens system 340. 
Because the optic aXis of lens system 340 is perpendicular 
to intermediate mirror 330 and both intermediate mirror 330 
and back plate mirror 320 are planar and parallel to screen 
310, the distortion caused by angled lenses and aspherical 
mirrors is absent in display device 300. This simpli?es the 
design of display device 300 and reduces the cost and 
complexity of manufacturing. 

[0032] FIG. 4 illustrates a Fresnel lens With outlines of 
sections to be used for rear projection screens. FIG. 4 
provides a conceptual illustration of the sections of a Fresnel 
lens that can be used for various rear projection display 
devices. The Fresnel lens can be described With tWo angles. 
The face angle is de?ned as the angle of the surface of each 
individual groove through Which light passes as it enters, or 
in the case of some refractive designs eXits the Fresnel lens 
relative to the optic aXis of the lens. The groove angle is the 
angle formed betWeen the input face and the re?ection face, 
or in the case of a refractive lens betWeen the optical face of 
the groove and the non-optical face. 

[0033] In one embodiment, Fresnel lens 400 can have 
many concentric grooves having one or more predetermined 
groove angles. Techniques for manufacturing and using 
Fresnel lenses having a single groove angle are knoWn in the 
art. In a rear projection display device in Which the full lens 
?eld of the projection lens system is used, a center portion 
420 of Fresnel lens 400 is used for the lens of the display 
device. 

[0034] Dashed rectangle 420 provides an indication of a 
screen from the center portion of Fresnel lens 400. The siZe 
and shape of the portion of the lens to be used corresponds 
to the siZe and shape of the screen of the display device. For 
traditional rear projection displays, the center of section 420 
to be used for a screen is the center of Fresnel lens 420. 

[0035] When using an offset DMD (or other device) so 
that only a portion of the projection lens ?eld is used, the 
section of Fresnel lens 400 used for a screen is correspond 
ingly offset from the center of Fresnel lens 400. For 
eXample, if the top half of the projection lens ?eld is used, 
the bottom edge of screen portion 410 passes through the 
center of Fresnel lens 400. 
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[0036] FIG. 5 illustrates a cross-sectional pro?le vieW of 
a Fresnel lens 500 having a groove angle 510 of 39°. The 
lens of FIG. 5 can be used With, for example, the display 
system of FIG. 3. When used With a display system as 
illustrated in FIG. 3 With an offset as described With respect 
to FIG. 4, the groove angle of 39° provides a balance 
betWeen diamond cutter structural integrity and lens perfor 
mance. 

[0037] As the groove angle increases the image projected 
to the bottom center of lens 500 becomes dark because rays 
pass through the lens Without being re?ected. As the groove 
angle decreases, the image projected to the top corners of 
lens 500 become dark because re?ected rays are directed 
doWn and aWay from the vieWer. Also, as the groove angle 
decreases, the tool used to manufacture lens 500 can become 
too Weak to Work effectively. 

[0038] FIG. 6a illustrates a front vieW of a Fresnel lens 
having tWo Zones each having a different groove angle. The 
embodiment of FIG. 6a illustrates tWo Zones With tWo 
groove angles; hoWever, any number of Zones With corre 
sponding groove angles can be used. The groove angle of a 
lens can vary continuously. Also, While the example of FIG. 
6a illustrates circular regions, other shapes can also be used. 

[0039] In one embodiment, interior region 620 has 
grooves of approximately 35°; hoWever, other groove angles 
can also be used. When used for large screens, a Fresnel lens 
With a single groove angle throughout provides inconsistent 
illumination. In one embodiment, outer region 610 has 
grooves of approximately 41°; however, other groove angles 
can also be used. In alternate embodiments, interior region 
620 and outer region 610 can provide any combination of 
refraction and/or re?ection lenses. In one embodiment, the 
projector side of lens 600 has grooves and the vieWer side is 
planar. In an alternate embodiment, lens 600 has grooves on 
both sides. 

[0040] FIG. 6b illustrates a cross-sectional pro?le vieW of 
a tWo-Zone Fresnel lens having a ?rst Zone With a groove 
angle of 35° and a second Zone having a groove angle of 41°. 
The lens of FIG. 6b can be used With, for example, the 
display system of FIG. 3. The lens of FIG. 6b provides 
improved uniformity as compared to the lens of FIG. 5. 

[0041] In one embodiment, the grooves of Zone 620 pro 
vide a refractive lens and the grooves of Zone 610 provide 
a total internal re?ection (TIR) lens. The refractive and 
re?ective Zones of lens 600 can be on the same side of the 
lens (e.g., the projector side) or the refractive and re?ective 
Zones of lens 600 can be on opposite sides (e.g., re?ective 
on the projector side and refractive on the vieWer side). As 
described in greater detail beloW, transition regions can be 
used to reduce or even eliminate image artifacts caused by 
transitions betWeen Zones. For a double-sided lens, tWo 
single-sided lenses can be aligned and the planar sides of 
each lens can be bonded together. Alternatively, one side of 
the lens can be manufactured as described above and addi 
tional grooves can be formed directly on the lens material. 

[0042] FIG. 7 illustrates an input ray having a 60° input 
angle With a Fresnel lens having a face angle of 10°. For 
steep angles of input light (e.g., greater than about 45°) it is 
possible to design face angles of the grooves such that all 
light enters the Fresnel lens and re?ects off of re?ection face 
and travels directly toWard the vieWer. For example, input 
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light 620 passes through groove face 600 and is slightly 
refracted. Refracted light 630 is re?ected by re?ection face 
610 toWard a vieWer (not shoWn in FIG. 7). For most 
applications, re?ected light 640 is directed toWard the 
vieWer. 

[0043] As the angle of the input light decreases, there is an 
angle at Which the refracted light misses re?ection face 710. 
This occurs, for example, at the bottom center of the screen 
at the grooves closest to the Fresnel center. This light is lost 
and travels through the Fresnel structure creating either a 
ghost image or a reduction in contrast. The lost light reduces 
contrast at the bottom center of the screen area (and possibly 
everyWhere depending on Where the mirrors are With respect 
to the screen). 

[0044] One technique to reduce ghost rays and improve 
contrast in these areas is to change the re?ection face angle 
such that, instead of directing light toWard the vieWer, the 
lens is designed to collect as much light as possible. As a 
consequence, the re?ected light ray 740 travels doWnWard. 
This improves the contrast of the displayed image, but the 
doWnWard light does not get redirected to vieWer as Well and 
appears dark. 

[0045] The face angles can be designed so that light from 
the edges of the screen, Where the input rays are steep, can 
direct the re?ected light toWard the center of the lens to 
improve perceived brightness at the edges of the image. 

[0046] In one embodiment, all groves are on a projection 
side of the lens and the vieWer side of the lens is planar. In 
alternate embodiments, the grooves for one Zone are on the 
projection side of the lens and the grooves for another Zone 
are on the vieWer side of the lens. 

[0047] FIG. 8 illustrates a pro?le cross section vieW of a 
Fresnel lens design having tWo Zones With different groove 
angles and transition regions for the Zones. Lens 800 is 
illustrated With only a small number of grooves, Zones and 
regions. This is for simplicity of description. A Fresnel lens 
can be used that has any number of grooves, Zones, and/or 
regions. 

[0048] As used herein, a “Zone” is an area of a Fresnel lens 
having a particular groove angle (When the groove angle is 
not continuously variable). A“region” is an area of a Fresnel 
lens in Which the face angle (y) is de?ned by a single 
equation. A Zone can include multiple regions. In one 
embodiment, one or more transition regions are included at 
Zone boundaries in order to provide a smooth Zone transi 
tion. 

[0049] In one embodiment, the equation, F, that de?nes the 
face angle, Which can be a function of radius, r, for a ?rst 
region and the equation, G, that de?nes the face angle for a 
second region are equal at the region boundary. In other 
Words, F(r1)=G(r1) Where r1 is the region boundary. Further, 
the ?rst derivative of the equation that de?nes the face angle 
for a region is equal to the ?rst derivative of equation that 
de?nes the face angle at the region boundary. In other Words, 
F‘(r1)=G‘(r1) Where r1 is the region boundary. 

[0050] FIG. 9 illustrates a pro?le cross section vieW of a 
Fresnel lens design. In one embodiment, the folloWing 
equations describe the various angles of the Fresnel lens 
design. Alternative angle relationships can also be used. In 
the equations that folloW, 06 is the input angle, or the angle 
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of input ray 920 from horizontal; y is the face angle, or the 
angle of refraction face 910 from horizontal; 6 is the 
re?ection face angle, or the angle of refraction face 900 from 
horiZontal; p is the refracted ray angle, or the angle of 
refracted ray 930 from horiZontal; 02 is the re?ected ray 
angle, or the angle of re?ected ray 950 from horiZontal; and 
[3 is the output ray angle, or the angle of output ray 960 from 
horiZontal. 

[0051] In one embodiment, the folloWing equations are 
used to determine the angles to be used for various regions. 
For a ?xed peak angle (peak angle k=y+6), the face angle can 
be calculated to create a Fresnel lens With no ghost rays near 
the bottom center and the face angles are modi?ed to 
increase throughput. 

[0052] For a tWo region embodiment, the inner region can 
be a lossless system de?ned by: 
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[0057] FIG. 11 illustrates one embodiment of a rear pro 
jection display device having a Wide angle lens. Display 
device 1100 includes screen 1110, Wide angle lens system 
1120 and DMD 1130. In one embodiment, screen 1110 is a 
Fresnel lens as described in greater detail above. 

[0058] An image is generated a provided by optical engine 
components (not shoWn in FIG. 11) that are knoWn in the art 
and directed to Wide angle lens system 1120 via DMD 1130. 
In alternate embodiments, DMD 1130 can be replaced by 
other components, for example, microelectromechanical 
systems (MEMS), grating light valves (GLV), liquid crystal 
display (LCD), liquid crystal on silicon (LCOS), etc. In one 
embodiment, the optic axis of DMD 1130 is aligned With the 
optic axis of Wide angle lens system 1120 so that the full lens 
?eld is used to project the image to screen 1110. In alternate 
embodiments, the optic axis of DMD 130 can be offset from 

[0053] Where n is the refractive index of the Fresnel lens 
material, k is the groove angle, R is the radius from the 
center of the Fresnel lens, and ? is the focal length of the 
Fresnel lens. Outer regions are de?ned by: 

wamagpy) 

[0054] FIG. 10 illustrates one embodiment of a Fresnel 
lens having tWo Zones on opposite sides of the lens With a 
transition region for the tWo Zones. Fresnel lens 1090 
includes tWo Zones: a refractive Zone, a re?ective Zone, and 

a transition region. In alternate embodiments, lens 1090 can 
have one or more Zones on a single side. 

[0055] In one embodiment, Fresnel lens 1090 includes an 
inner Zone that is a conventional refractive Fresnel lens 
design 1000. The inner Zone includes the center of lens 1090 
extending outWard until the outer Zone becomes more ef? 
cient than the inner Zone. Fresnel lens 1090 further includes 
an outer Zone that is a total internal re?ection Fresnel design 
1020. The outer Zone directs more light toWard the vieWer 
than if the refractive design of the inner Zone Were to extend 
to the edge of the lens. 

[0056] In order to reduce, or even eliminate, discontinui 
ties betWeen the refractive and the re?ective portions of lens 
1090, transition region 1010 is included. In one embodi 
ment, in transition region 1010, the light rays internal to 
Fresnel lens 1090 change gradually from the upWard angle 
of the refractive design to the horiZontal angle of the 
re?ective design. The gradual change reduces image discon 
tinuities due to overlapping rays. 

the optic axis of Wide angle lens system 1120. Use of a 
Fresnel lens as described above provides a thinner system 
With better brightness uniformity. 

[0059] Reference in the speci?cation to “one embodi 
ment” or “an embodiment” means that a particular feature, 
structure, or characteristic described in connection With the 
embodiment is included in at least one embodiment of the 
invention. The appearances of the phrase “in one embodi 
ment” in various places in the speci?cation are not neces 
sarily all referring to the same embodiment. 

[0060] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments 
thereof. It Will, hoWever, be evident that various modi?ca 
tions and changes can be made thereto Without departing 
from the broader spirit and scope of the invention. The 
speci?cation and draWings are, accordingly, to be regarded 
in an illustrative rather than a restrictive sense. 

What is claimed is: 
1. A display device comprising: 

a Wide angle lens system to project an image using a 
portion of a lens ?eld of the Wide angle lens system; 
and 

a substantially planar back plate mirror to re?ect the 
image to the screen, Wherein the back plate mirror is 
substantially perpendicular to the optic axis of the Wide 
angle lens system and substantially parallel to the 
screen. 

2. The display device of claim 1 further comprising a 
substantially planar intermediate mirror to re?ect the image 
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projected by the Wide angle lens system to the back plate 
mirror, the intermediate mirror being substantially parallel to 
the back plate mirror. 

3. The display device of claim 1 Wherein the screen 
comprises a total internal re?ection (TIR) Fresnel lens. 

4. The display device of claim 1 Wherein the screen 
comprises a refractive Fresnel lens. 

5. The display device of claim 1 Wherein the Wide angle 
lens system projects the image using approximately one-half 
of the lens ?eld. 

6. The display device of claim 1 Wherein the Wide angle 
lens system projects the image using less than one-half of the 
lens ?eld. 

7. The display device of claim 1 further comprising at 
least one microelectromechanical system (MEMS) to pro 
vide the image to the Wide angle lens system. 

8. The display device of claim 7 further comprising at 
least one digital micromirror device (DMD) to provide the 
image to the Wide angle lens system. 

9. The display device of claim 1 further comprising at 
least one grating light valve (GLV) to provide the image to 
the Wide angle lens system. 

10. The display device of claim 1 further comprising at 
least one liquid crystal display (LCD) to provide the image 
to the Wide angle lens system. 

11. The display device of claim 10 further comprising at 
least one liquid crystal on silicon (LCOS) display to provide 
the image to the Wide angle lens system. 

12. The display device of claim 1 Wherein the screen 
comprises a Fresnel lens With a continuously varying groove 
angle. 

13. The display device of claim 1 Wherein the screen has 
a ?rst region and a second region, the ?rst region having a 
?rst groove angle and the second region having a second 
groove angle. 

14. The display device of claim 13 Wherein the second 
Zone surrounds the ?rst Zone. 

15. The display device of claim 14 Wherein the ?rst 
groove angle is less than the second groove angle. 

16. The display device of claim 14 Wherein the ?rst 
groove angle is greater than the second groove angle. 

17. The display device of claim 13 Wherein the ?rst Zone 
partially surrounds the second Zone. 

18. The display device of claim 17 Wherein the ?rst 
groove angle is less than the second groove angle. 

19. The display device of claim 17 Wherein the ?rst 
groove angle is greater than the second groove angle. 

20. The display device of claim 13 Wherein the ?rst 
groove angle is approximately 35° and the second groove 
angle is approximately 41°. 

21. The display device of claim 13 Wherein the grooves of 
the second Zone provide total internal re?ection. 

22. The display device of claim 13 Wherein the ?rst Zone 
and the second Zone are on a ?rst side of the lens. 

23. The display device of claim 13 Wherein, at a border 
betWeen the ?rst Zone and the second Zone, a face angle of 
the ?rst Zone is substantially equal to a face angle of the 
second Zone. 

24. The display device of claim 23 Wherein, at the border 
betWeen the ?rst Zone and the second Zone, a rate of change 
of face angles in the ?rst Zone is substantially equal to a rate 
of change of face angles in the second Zone. 
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25. The display device of claim 13 Wherein the ?rst Zone 
is on a ?rst side of the lens and the second Zone is on a 
second side of the lens. 

26. The display device of claim 1 Wherein the screen 
comprises a Fresnel lens that directs light from a corner 
farthest from the lens center toWard the lens center and 
directs light from a central region of the lens generally 
perpendicular to the lens. 

27. A method comprising: 

projecting an image With a Wide angle lens system using 
a portion of the lens ?eld of the Wide angle lens system; 
and 

re?ecting the image to a screen With a planar mirror, 
Wherein the planar mirror is substantially parallel to the 
screen, and further Wherein the optic axis of the Wide 
angle lens system is substantially perpendicular to the 
mirror. 

28. The method of claim 27 further comprising re?ecting 
the image projected by the Wide angle lens system to the 
mirror With an intermediate mirror, Wherein the intermediate 
mirror is planar and substantially parallel to the screen and 
substantially perpendicular to the optic axis of the Wide 
angle lens system. 

29. The method of claim 27 Wherein the Wide angle lens 
system projects the image using approximately one-half of 
the lens ?eld. 

30. The method of claim 27 Wherein the Wide angle lens 
system projects the image using less than one-half of the lens 
?eld. 

31. A Fresnel lens comprising: 

a ?rst Zone having a ?rst groove angle for grooves Within 
the ?rst Zone; and 

a second Zone having a second groove angle for groves 
Within the second Zone. 

32. The Fresnel lens of claim 31 Wherein the grooves of 
the ?rst Zone comprise multiple concentric grooves. 

33. The Fresnel lens of claim 31 Wherein the grooves of 
the ?rst Zone comprise one or more spiraled grooves. 

34. The Fresnel lens of claim 31 Wherein the grooves of 
the second Zone comprise multiple concentric grooves. 

35. The Fresnel lens of claim 31 Wherein the grooves of 
the second Zone comprise one or more spiraled grooves. 

36. The Fresnel lens of claim 31 Wherein the ?rst Zone 
surrounds the second Zone. 

37. The Fresnel lens of claim 36 Wherein the ?rst groove 
angle is less than the second groove angle. 

38. The Fresnel lens of claim 36 Wherein the ?rst groove 
angle is greater than the second groove angle. 

39. The Fresnel lens of claim 31 Wherein the ?rst Zone 
partially surrounds the second Zone. 

40. The Fresnel lens of claim 39 Wherein the ?rst groove 
angle is less than the second groove angle. 

41. The Fresnel lens of claim 39 Wherein the ?rst groove 
angle is greater than the second groove angle. 

42. The Fresnel lens of claim 31 Wherein the ?rst groove 
angle is approximately 35° and the second groove angle is 
approximately 41°. 

43. The Fresnel lens of claim 31 Wherein the grooves of 
the second Zone provide total internal re?ection. 

44. The Fresnel lens of claim 31 Wherein the ?rst Zone and 
the second Zone are on a ?rst side of the lens. 
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45. The Fresnel lens of claim 31 Wherein the ?rst Zone is 
on a ?rst side of the lens and the second Zone is on a second 
side of the lens. 

46. The Fresnel of claim 31 Wherein the lens that directs 
light from an upper corner doWnWard and directs light from 
a central region substantially perpendicular to the lens. 

47. The Fresnel lens of claim 31 Wherein, at the border 
betWeen the ?rst Zone and the second Zone, a rate of change 
of face angles in the ?rst Zone is substantially equal to a rate 
of change of face angles in the second Zone. 
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48. The Fresnel lens of claim 47 Wherein, at the border 
betWeen the ?rst Zone and the second Zone, a rate of change 
of face angles in the ?rst Zone is substantially equal to a rate 
of change of face angles in the second Zone. 

49. A display device having the Fresnel lens of claim 31. 

50. A Fresnel lens having a continuously varying groove 
angle. 


